We present results of lattice QCD simulations with mass-degenerate up and down and mass-split strange and charm (N f = 2 + 1 + 1) dynamical quarks using Wilson twisted mass fermions at maximal twist. The tuning of the strange and charm quark masses is performed at three values of the lattice spacing a ≈ 0.06 fm, a ≈ 0.08 fm and a ≈ 0.09 fm with lattice sizes ranging from L ≈ 1.9 fm to L ≈ 3.9 fm. We perform a preliminary study of SU(2) chiral perturbation theory by combining our lattice data from these three values of the lattice spacing.
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Introduction
The twisted mass formulation of Lattice QCD [1, 2] has been studied extensively with N f = 2 dynamical flavours by the European Twisted Mass (ETM) collaboration. In this formulation of QCD, the Wilson term is chirally rotated within an isospin doublet. The effects of the strange and charm dynamical quarks are included through a mass-split doublet as discussed in [3, 4, 5, 6] . Results using two of the three lattice spacings discussed in these proceedings have recently been published in [7] , where we describe our setup in more detail. Furthermore, at this conference, other investigations into the physics of N f = 2 + 1 + 1 twisted mass fermions have also been presented: [8, 9, 10, 11, 12] . We will briefly describe our lattice setup and recapitulate our procedure for tuning to maximal twist and the strategy for the tuning of the heavy doublet in section 2. We give an overview of the runs we have carried out in section 3, where we also examine the status of the tuning. Finally section 4 gives preliminary results for some observables in the light-quark sector, obtained using fits to next-to-leading order (NLO) SU(2) chiral perturbation theory.
Lattice setup
In the gauge sector we use the Iwasaki gauge action [13] since it improves the behavior of the lattice theory in relation to the unphysical first order phase transition for values of the hopping parameter κ around its critical value κ crit (see [7] and references therein). With this gauge action we observe indeed a smooth dependence of phase sensitive quantities for κ κ crit . The fermionic action for the light doublet is given by:
using the notation used in [7] . In the heavy sector, the action becomes:
At maximal twist, physical observables are automatically O(a) improved without the need to determine any action or operator specific improvement coefficients. The gauge configurations are generated with a (Polynomial) Hybrid Monte Carlo updating algorithm [14, 15, 16] , where the HMC is used for the light doublet and the PHMC for the heavy doublet. Tuning to maximal twist requires to set m 0,l and m 0,h equal to some proper estimate of the critical mass m crit = m crit (β ) [3] . As has been shown in [4] , this is consistent with O(a) improvement defined by the maximal twist condition am PCAC,l = 0 (see also ref. [7] ). The numerical precision at which the condition m PCAC,l = 0 is fulfilled in order to avoid residual large O(a 2 ) effects when the pion mass is decreased is, for the present range of lattice spacings, |ε/µ l | 0.1, where ε is the deviation of m PCAC,l from zero [17, 18] . As explained in [7] , tuning to κ crit was performed independently for each set of values of µ l , µ σ and µ δ . From table 1 we observe that the estimate of κ crit depends weakly on µ l . The heavy doublet mass parameters µ σ and µ δ should be adjusted in order to reproduce the values of the renormalized s and c quark masses. The latter are related to µ σ and µ δ via [3] :
where the minus sign corresponds to the strange and the plus sign to the charm. In practice we fix the values µ σ and µ δ by requiring the resulting kaon and D meson masses to match their physical values. A detailed description of the determination of the kaon and D meson masses has recently been given in [19] .
Ensemble overview
We list in table 1 the action parameters for the runs considered in our current analysis. Those runs labeled with an asterisk ( * ) are ongoing at the time of the writing of these proceedings and have incomplete statistics, all other runs have around 5000 thermalized trajectories with length τ = 1. Ensemble names which end in s or c are used to control the tuning of the strange and charm quark masses respectively. This is not an exhaustive overview of all runs performed within of our N f = 2 + 1 + 1 work. Other runs have been carried out in the context of tuning, reweighting, finite volume effects analysis and in order to measure the renormalization factors. Table 1 : Summary of the N f = 2 + 1 + 1 ensembles generated by ETMC at three values of the lattice coupling β = 1.90, β = 1.95 and β = 2.10. From left to right, we quote the ensemble name, the value of inverse coupling β , the estimate of the critical value κ crit , the light twisted mass aµ l , the heavy doublet mass parameters aµ σ and aµ δ and the volume in units of the lattice spacing. Our notation for the ensemble names corresponds to Xµ l .L, with X referring to the value of β used. Figure 1 shows the status of the tuning for the main ensembles considered in these proceedings. Figure 2 shows the dependence of (2m 2 K − m 2 PS ) and m D upon the light pseudoscalar mass squared for both ensembles, together with the physical point denoted by the black star. The kaon mass appears to be properly tuned at β = 1.95. The ensembles at β = 1.90, aµ δ = 0.190 and β = 2.10 appear to have a value of the strange quark mass larger than the physical one, while the red point at β = 1.90, aµ δ = 0.197 appears to be well tuned. The D meson appears heavier than in experiment for all three values of the lattice spacing. We currently have runs ongoing at both β = 1.90 and β = 2.10 with lower charm masses.
Tuning to maximal twist

Heavy doublet tuning
Light meson chiral perturbation theory fits
In order to extract the lattice spacing and light quark mass from our data, we perform a NLO SU(2) chiral perturbation theory fit of the m π and f π lattice data. We group our ensembles into sets with the same lattice spacing (set A at β = 1.90, B at β = 1.95 and set D at β = 2.10). We have performed fits for various combinations of these sets, using the procedure described in [7] . We use continuum formulae and currently correct for finite volume effects as described in [20] . Note that since the quark mass enters the χPT expression, in order to combine ensembles at different lattice spacings, we need to know the renormalization factor of the quark mass Z µ = 1/Z P , a computation which is not yet complete. Assuming that Z P is effectively a function of β in the range of parameters we are considering, we can fit the ratio of those Z P -values and lattice spacings and extract lattice spacings from the combined fit. In every fit we use as inputs the physical values of f π and m π , and extract f 0 ,l 3 ,l 4 The observed agreement between the extracted parameters suggests that our data for m PS and f PS are fairly well described by NLO SU(2) chiral perturbation theory. Using the spread of parameters as a rough estimate of the systematic error, it appears to be smaller than the statistical error for all quantities, with the exception ofl 3 . A more complete analysis of the systematic effects (analogous to [22] ) is in progress. We expect to extend our analysis by including twisted mass chiral perturbation theory formulae as described in [23] and to use twisted mass finite volume effects formulae [24] when our neutral pion measurements are more complete. 
Summary and Outlook
We have given an update of the status of the runs performed by the ETM Collaboration using N f = 2 + 1 + 1 flavours of Wilson twisted mass fermions. We have given first results at a new finer (β = 2.10) lattice spacing and attempted to combine them with existing datasets at two other lattice spacings (β = 1.90 and β = 1.95). The production of ensembles at the finest lattice spacing is still ongoing. As already stated, a complete control of the different systematic effects present in chiral fits of pion observables is still missing. ETMC is currently pursuing the direct determination of the renormalisation factor Z P [12] appearing in the fits combining ensembles at several values of the lattice spacing. The preliminary results presented in this work are nevertheless very encouraging and suggest a fairly good description of our lattice data for m PS and f PS by NLO SU(2) chiral perturbation theory.
